
































364 o DIBBLE ET AL.

comments. Thanks goes to Robin Kimbrough and
Catherine Murphy for their assistance on the liter-
ature review. This work was funded by the Aquatic
Plant Control Research Program of the U.S. Army
Corps of Engineers Waterways Experiment Station.
Permission was granted by the Chief of Engineers
to publish this document.

References?

Aboul H. W,, and J. A. Downing. 1994. Influence of
cover on the spatial distribution of littoral-zone
fishes. Canadian Journal of Fisheries and Aquatic
Sciences 51:1832-1838.

Adams, S. M., and D. L. DeAngelis. 1987. Indirect effects
of early bass—shad interactions on predator popula-
tion structure and food web dynamics. Pages 103-117
in W. C. Kerfoot and A. Sih, editors. Predation: direct
and indirect impacts on aquatic communities. Univer-
sity Press of New England, Hanover, New Hamp-
shire.

(1) Aggus, L. R,, and G. V. Elliot. 1975. Effects of cover
and food on year-class strength of largemouth bass.
Pages 317-322 in R. H. Stroud and H. Clepper, edi-
tors. Black bass biology and management. Sport Fish-
ing Institute, Washington, DC.

(2) Anderson, O. 1984. Optimal foraging by largemouth
bass in structured environments. Ecology 65:851-861.

Annett, C., J. Hunt, and E. D. Dibble. 1996. The com-
pleat bass: habitat use patterns of all stages of the life
cycle of largemouth bass. Pages 306-314 in L. E.
Miranda and D. R. DeVries, editors. Multidimen-
sional approaches to reservoir fisheries management.
American Fisheries Society Symposium 16.

(3) Averett, R. C.,, and R. M. Stubbs. 1962. Toward a
safe and effective method of using dynamite to sam-
ple fish populations and determine species ranges in
large rivers. Journal of the Tennessee Academy of
Sciences 37:20-22. .

(4) Bailey, W. M. 1978. A comparison of fish popula-
tions before and after extensive grass carp stocking.
Transactions of the American Fisheries Society 107:
181-206. .

(5) Bain, M. B,, and S. E. Boltz. 1992. Effect of aquatic

plant control on the microdistribution and population

characteristics of largemouth bass. Transactions of

the American Fisheries Society 121:94-103.

(6) Bain, M. B., J. T. Finn, and H. E. Booke. 1985a. A
quantitative method for sampling riverine microhabi-
tats by electrofishing. North American Journal of
Fisheries Management 5:489-493,

Bain, M. B,, J. T. Finn, and H. E. Booke. 1985b. Quan-
tifying stream substrate for habitat analysis studies.
North American Journal of Fisheries Management
5:499-506. -~ '

(7) Barnett, B. S. 1973. A technique for fish population
sampling in dense submersed vegetation. Progressive
Fish-Culturist 35:181-182.

-

?Numbers in parentheses correspond to Tables 1-5.

(8) Barmett, B. S, and R. W. Schneider. 1974. Fish pop-
ulations in dense submersed plant communities. Hy-
acinth Control Journal 12:12-14,

(9) Bass, Q. G., and V. G. Hitt. 1979. Qualitative sam-
pling of warm-water fish with detonating cord. Pro-
ceedings of the Annual Conference Southeastern As-
sociation of Fish and Wildlife Agencies 31(1977):
519-521.

(10) Bayley, P. B, and D. J. Austen. 1988. Comparison
of detonating cord and rotenone for sampling fish in
warmwater impoundments. North American Journal
of Fisheries Management 8:310-316.

(11) Beauchamp, D. A., B. C. Allen, R. C. Richards, W. A,
Wurtzbaugh, and C. R. Goldman. 1992. Lake trout
spawning in Lake Tahoe: egg incubation in deepwater
macrophyte beds. North American Journal of Fisher-
ies Management 12:442-449,

(12) Beckett, D. C., T. P. Aartila, and A. C. Miller. 1992,
Invertebrate abundance on Potamogeton nodosus ef-
fects of plant surface area and condition. Canadian
Journal Zoology 70:300-306.

(13) Benton, A. R,, and R. M. Newnan. 1976. Color
aerial photography for aquatic plant monitoring.
Journal of Aquatic Plant Management 14:14-16.

(14) Bettoli, P. W, M. J. Maceina, R. L. Noble, and R. K.
Betsill. 1992. Piscivory in largemouth bass as a func-
tion of aquatic vegetation abundance. North Ameri-
can Journal of Fisheries Management 12:509-516.

(15) Bettoli, P, W., M. J. Maceina, R. L. Noble, and R. K.
Betsill. 1993. Response of a reservoir fish commu-
nity to aquatic vegetation removal. North American
Journal of Fisheries Management 13:110-124.

(16) Bettoli, P. W., J. E. Morris, and R. L. Noble. 1991.
Changes in the abundance of two atherinid species
after aquatic vegetation removal. Transactions of the
American Fisheries Society 120:90-97.

(17) Bettoli, P. W., T. Springer, and R. Noble. 1990. A
deterministic model of the response of threadfin shad
to aquatic macrophyte control. Journal of Freshwater
Ecology 5:445-454.

Blindow, I., G. Andersson, A. Hargeby, and S. Johansson.
1993. Long-term pattern of alternative stable states
in two shallow eutrophic lakes. Freshwater Biology

' 30:159-167.

(18) Borawa, J. C,, J. H. Kerby, M. T. Huish, and A. W.

Mullis. 1979. Currituck Sound fish populations be-
fore and after infestation by Eurasian water-milfoil.
Proceedings of the Annual Conference Southeastern
Association of Fish and Wildlife Agencies 32(1978):
520-528.

(19) Braasch, M. E., and P. W. Smith. 1967. Life history
of the slough darter, Etheostoma gracile (Pisces, Per-
cidae). Illinois Natural History Survey, Biological
Notes 58:1-12.

(20) Budd, J, R. A. Lillie, and P. Rasmussen. 1995.
Morphological characteristics of the aquatic macro-
phyte, Myriophyllum spicatum L., in Fish Lake, Wis-
consin. Journal of Freshwater Ecology 10:19-29,

Busch, W.-D., and P. G. Sly. 1992. The development of
an aquatic habitat classification system for lakes.
CRC Press, Boca Raton, Florida.

(21) Cahn, A. R. 1927. An ecological study of southern



AQUATIC PLANT AND FISH INTERACTIONS 365

Wisconsin fishes. The brook silversides (Labidesthes
sicculus) and the cisco (Leucichthys artedi) in their
relations to the region. Illinois Biological Monograph
11:1-151.

(22) Canfield, R. 1941. Application of the line intercep-
tion method in sampling range vegetation. Journal of
Forestry 39:388-394.

(23) Canfield, M. V., Jr., M. V. Hoyer, and C. M. Duarte.
1990. An empirical method for characterizing stand-
ing crops of aquatic vegetation. Journal of Aquatic
Plant Management 28:64-69.

(24) Carpenter, S. R,, and N. J. McCreary. 1985. Effects
of fish nests on pattern and zonation of submersed
macrophytes in a softwater lake. Aquatic Botany 22:
21-32. '

(25) Carranza, J., and H. E. Winn. 1954, Reproductive
behavior of the blackstripe topminnow, Fundulus no-
tatus. Copeia 1954:273-278.

Cassani, J. R., and W. E. Caton. 1985. Effects of chemical
and biological weed control on the ecology of a south
Florida pond. Journal of Aquatic Plant Management
23:51-58.

(26) Cattaneo, A., and J. Kalff. 1980. The relative con-
tribution of aquatic macrophytes and their epiphytes
to the production of macrophyte beds. Limnology
and Oceanography 25:280-289.

(27) Charnov, E. L., G. H. Orians, and K. Hyatt. 1976.
Ecological implication of resource-depression. Amer-
ican Naturalist 100:247-259.

(28) Chick,J. H,, F. Jordan, J. P. Smith, and C. C. Mcivor.
1992. A comparison of four enclosure traps and
methods used to sample fishes in aquatic macro-
phytes. Journal of Freshwater Ecology 7:353-361.

(29) Chilton, E. W,, and F. J. Margraf. 1990. Effects of
fish predation on invertebrates associated with a mac-
rophyte in Lake Onalaska, Wisconsin. Journal of
Freshwater Ecology 5:289-296.

(30) Chubb, S. L., and C. R. Liston. 1986. Density and
distribution of larval fishes in Pentwater Marsh, a
coastal wetland on Lake Michigan. Journal of Great
Lakes Research 12:332-343.

(31) Colle, D. E., R. L. Cailteux, and J. V. Shireman.
1989. Distribution of Florida largemouth bass in a
lake after elimination of all submersed aquatic vege-
tation. North American Journal of Fisheries Manage-
ment 9:213-218.

(32) Colle, D. E., and J. V. Shireman. 1980. Coefficients
of condition for largemouth bass, bluegill, and redear
sunfish in hydrilla-infested lakes. Transactions of the
American Fisheries Society 109:521-531.

(33) Colle, D. E,, J. V. Shireman, D. E. Canfield, W. T.
Haller, and J. C. Joyce. 1986. Economic loss results
from hydrilla infestation. Aquaphyte 6:1-7.

(34) Colle, D. E,, J. V. Shireman, R. D. Gasaway, R. L.
Stetler, and W. T. Haller. 1978a. Utilization of se-
lective removal of grass carp (Ctenopharyngodon idel-
la) from an 80-hectare Florida lake to obtain a pop-
ulation estimate. Transactions of the American
Fisheries Society 107:724-729.

(35) Colle, D. E,, J. V. Shireman, W. T. Haller, J. C.
Joyce, and D. E. Canfield, Jr. 1987. Influence of hy-
drilla on harvestable sport-fish populations, angler

use, and angler expenditures at Orange Lake, Flor-
ida. North American Journal of Fisheries Manage-
ment 7:410-417.

(36) Colle, D. E., J. V. Shireman, and R. W. Rottmann.
1978b. Food selection by grass carp fingerlings in a
vegetated pond. Transactions of the American Fish-
eries Society 107:149-152.

(37) Conrow, R., A. V. Zale, and R. W. Gregory. 1990.
Distributions and abundances of early life stages of
fishes in a Florida lake dominated by aquatic macro-
phytes. Transactions of the American Fisheries Soci-
ety 119:521-528, '

(38) Cook, M. F., and E. P. Bergersen. 1988. Move-
ments, habitat selection, and activity periods of north-
ern pike in Eleven Mile Reservoir, Colorado. Trans-
actions of the American Fisheries Society 117:495-
502.

(39) Crowder, L. B., and W. E. Cooper. 1979a. Effects of
macrophyte removal on the feeding efficiency and
growth of sunfishes: evidence from pond studies.
Pages 251-268 in J. E. Creck, R. T. Prentki, and O. L.
Louks, editors. Proceedings, aquatic plants lake man-
agement, and ecosystem consequences of lake har-
vesting. Institute for Environmental Studies, Univer-
sity of Wisconsin, Madison.

(40) Crowder, L. B,, and W. E. Cooper. 1979b. Struc-
tural complexity and fish-prey interactions in ponds:
a point of view. Pages 2-10 in D. L. Johnson and R.
A. Stein, editors. Response of fish to habitat structure
in standing water. American Fisheries Society, North
Central Division, Special Publication 6, Bethesda,
Maryland. ,

(41) Crowder, L. B., and W. E. Cooper. 1982. Habitat
structural complexity and the interaction between
bluegills and their prey. Ecology 63:1802-1813.

(42) Crowell, W., N. Troelstrup, Jr., L. Queen, and J.
Perry. 1994. Effects of harvesting on plant commu-
nities dominated by Eurasian watermilfoil in Lake
Minnetonka, Minnesota. Journal of Aquatic Plant
Management 32:56-60.

(43) Danehy, R. J.,, N. H. Ringler, and J. E. Gannon.
1991. Influence of nearshore structure on growth and
diets of yellow perch (Perca flavescens) and white
perch (Morone americana) in Mexico Bay, Lake On-
tario. Journal of Great Lakes Research 17:183-193.

(44) DeVries, D. R., R. A. Stein, and P. L. Chesson.
1989. Sunfish foraging among patches: the patch-de-
parture decision. Animal Behavior 37:455-464.

(45) DeVries, D. R. 1990. Habitat use by bluegill in lab-
oratory pools: where is the refuge when macrophytes
are sparse and alternative prey are present? Environ-
mental Biology of Fishes 29:27-34,

Dewey, M. R. 1991. Quantitative sampling of juvenile
fishes in vegetation. U.S. Fish and Wildlife Service
Research Information Bulletin 91-66.

(46) Dewey, M. R,, L. E. Holland-Bartels, and S. J. Zi-
gler. 1989. Comparison of fish catches with buoyant
popnets and seines in vegetated and non-vegetated
habitats. North American Journal of Fisheries Man-
agement 9:249-253,

(47) Dewey, M. R, and C. A. Jennings. 1992. Habitat
use by larval fishes in a backwater lake of the Missis-



366 DIBBLE ET AL.

sippi River. Journal of Freshwater Ecology 7:363-
372.

(48) Dibble, E. D. 1991. A comparison of diving and
rotenone methods for determining relative abun-
dance of fish. Transactions of the American Fisheries
Society 120:663—666.

Dibble, E. D., G. O. Dick, and K. J. Killgore. 1996. Mea-
surement of plant architecture in seven aquatic
plants. Journal of Freshwater Ecology 11:311-318.

(49) Dibble, E. D., and K. J. Killgore. 1994. A habitat-
based approach for studying fish-plant interactions.
U.S. Army Corps of Engineers Waterways Experi-
ment Station, Miscellaneous Paper A-94-2, Vicks-
burg, Mississippi.

(50) Diehl, S. 1988. Foraging efficiency of 3 fresh-water
fishes: effects of structural complexity and light. Oikos
53:207-214. ’

Diehl, S. 1993. Effects of habitat structure on resource
availability, diet and growth of benthivorous perch,
Perca fluviatilis. Oikos 67:403-414.

(51) Dionne, M., and C. L. Folt. 1991. An experimental
analysis of macrophyte growth forms as fish foraging
habitat. Canadian Journal of Fisheries and Aquatic
Sciences 48:123-131.

(52) Downing, J. A., and M. A. Anderson. 1985. Esti-

) mating the standing biomass of aquatic macrophytes.
Canadian Journal of Fisheries and Aquatic Sciences
42:1860-1869.

(53) Duarte, C. M. 1987. Use of echo sounder tracings to
estimate the above ground biomass of submerged
plants in lakes. Canadian Journal of Fisheries and
Aquatic Sciences 44:732-735. .

(54) Durocher, P. P., W. C. Provine, and J. E. Kraai.
1984. Relationship between abundance of large-
mouth bass and submerged vegetation in Texas res-
ervoirs. North American Journal of Fisheries Man-
agement 4:84-88.

Edwards, D. J., and E. Moore. 1975. Control of water

seeds by grass carp in a drainage ditch in New Zeal-
and. New Zealand Journal of Marine and Freshwater
Research 9:283-292. : :

(55) Edwards, R. W., and M. W. Brown. 1960. An aerial
photograph method for studying the distribution of
aquatic macrophytes in shallow waters. -Journal of
Ecology 48:161-163.

(56) Ellis, D. V. 1961. Diving and photographic tech-
niques for observing and recording salmon. Journal
of the Fisheries Research Board of Canada 18:1159-
1166. '

(57) Engel, S. 1984. Restructuring littoral zones: a dif-
ferent approach to an old problem. Pages 463-466 in
Lake and reservoir management. Proceedings of the
third annual conference, 1983. North American Lake
Management Society, Knoxville, Tennessee. U.S. En-
vironmental Protection Agency 440/5-84-001.

(58) Engel, S. 1985. Aquatic community interaction of
submerged macrophytes. Wisconsin Department of
Natural Resources Technical Bulletin 156.

(59) Engel, S. 1988. The role and interactions of sub-
mersed macrophytes in a shallow Wisconsin lake.
Journal of Freshwater Ecology 4:329-342.

(60) Engel, S. 1990. Ecological impacts of harvesting

macrophytes in Halverson Lake, Wisconsin. Journal
of Aquatic Plant Management 28:41-45.

Engel, S. 1995. Eurasian watermilfoil as a fishery man-
agement tool. Fisheries 20(3):20-27.

(61) Engel, S, and S. A. Nichols. 1994. Aquatic macro-
phyte growth in a turbid windswept lake. Journal of
Freshwater Ecology 9:97~109.

(62) Espegren, G. D., and E. P. Bergersen. 1990. Quan-
titative sampling of fish populations with a mobile
rising net. North American Journal of Fisheries Man-
agement 10:469-487.

Faber, D. J. 1981. A light trap to sample littoral and
limnetic regions of lakes. International Vereinigung
fuer Theoretische und Angewandte Limnologie Ver-
handlungen 21:744-749,

(63) Ferguson, R. G. 1962. The effects of underwater
explosives on yellow perch (Perca flavescens). Cana-
dian Fish Culturist 29:31-39,

Floyd, K. B., R. D. Hoyt, and S. Timbrook. 1984. Chro-
nology of appearance and habitat partitioning by
stream larval fishes. Transactions of the American
Fisheries Society 113:217-223.

Forsberg, C. 1959. Quantitative sampling of subaquatic
vegetation. Oikos 10:233-240.

(64) Forester, T.S., and J. M. Lawrence. 1978. Effects of

- grass carp and carp on populations of bluegill and
largemouth bass in ponds. Transactions of the Amer-
ican Fisheries Society 107:172-175.

(65) Freeman, B. J., H. S. Greening, and J. D. Oliver.
1984. Comparison of three methods for sampling
fishes and macroinvertebrates in a vegetated freshwa-
ter wetland. Journal of Freshwater Ecology 2:603-
606.

(66) Gerking, S. D. 1957. A method of sampling the lit-
toral macrofauna and its application. Ecology 38:219-
225.

(67) Gerking, S. D. 1962. Production and food utiliza-
tion in a population of bluegill sunfish. Ecological
Monographs 32:31-78.

(68) Gilinsky, E. 1984. The role of fish predation and
spatial heterogeneity in determining benthic commu-
nity structure. Ecology 4:455-468.

(69') Glass, N. R. 1971. Computer analysis of predation

- energetics in the largemouth bass. Pages 325-363 in
B. C. Patten, editor. Systems analysis and simulation
in ecology, volume 1. Academic Press, New York.

(70) Goldsborough, L. G., and G. G. C. Robinson. 1985.
Seasonal succession of diatom epiphyton on dense
mats of Lemna minor. Canadian Journal of Botany
63:2332-2339.

(71) Gotceitas, V. 1990. Plant stem density as a cue in
patch choice by foraging juvenile bluegill sunfish. En-
vironmental Biology of Fishes 29:227-232.

(72) Gotceitas, V., and P. Colgan. 1987. Selection be-
tween densities of artificial vegetation by young
bluegills avoiding predation. Transactions of the
American Fisheries Society 116:40-49,

(73) Gregg, W. W,, and F. L. Rose. 1985. Influences of
aquatic macrophytes on invertebrate community
structure, guild structure, and microdistribution in
streams. Hydrobiologia 128:45-56.

(74) Gregory, R. S., and P. M. Powles. 1985. Chro-



AQUATIC PLANT AND FISH INTERACTIONS. 367

nology, distribution, and sizes of larval fish sampled
by light traps in macrophytic Chemung Lake. Cana-
dian Journal of Zoology 19:2569-2577.

(75) Griffith, J. S., and R. W. Smith. 1995. Failure of
submersed macrophytes to provide cover for rainbow
trout throughout their first winter in Henrys Fork of
the Snake River, Idaho. North American Journal of
Fisheries Management 15:42-48.

(76) Gutreuter, S. J.,, and R. O. Anderson. 1985. Impor-
tance of body size to the recruitment process in large-
mouth bass populations. Transactions of the Ameri-
can Fisheries Society 114:317-327.

(77) Hall, D. J., W. E. Cooper, and E. E. Werner. 1970.
An experimental approach to the production dynam-
ics and structure of freshwater animal communities.
Limnology and Oceanography 15:839-928.

(78) Hall, D. J., and E. E. Werner. 1977. Seasonal dis-
tribution and abundance of fishes in the littoral zone
of a Michigan lake. Transactions of the American
Fisheries Society 106:545-555.

(79) Hanson, J. M. 1990. Macroinvertebrate size-distri-
bution of two contrasting fresh-water macrophyte
communities. Freshwater Biology 24:481—491.

(80) Hanson, J. M., and W. C. Leggett. 1986. Effect of
competition between two freshwater fishes on prey
consumption and abundance. Canadian Journal of
Fisheries and Aquatic Sciences 43:1363-1371.

(81) Hargeby, A. 1990. Macrophyte associated inverte-
brates and the effect of habitat permanence. Oikos
57:338-346.

(82) Harvey, R. M., G. G. Patterson, and J. R Pickett.
1988. An automated positioning system for deter-
mining aquatic macrophyte distribution. Journal of
Aquatic Plant Management 26:38-43.

(83) Heck, K. L., Jr., and T. A. Thoman. 1981. Experi-
ments on predator-prey interactions in vegetated
aquatic habitats. Journal of Experimental Marine Bi-
ology and Ecology 53:125-134.

Heggenes, J., A. Brabrand, and S. J. Saltveit. 1990. Com-
parison of three methods for studies of stream habitat
use by young brown trout and Atlantic salmon. Trans-
actions of the American Fisheries Society 119:101-
111.

Helfman, S. 1979. Fish attraction to floating objects in
lakes. Pages 49-57 in D. L. Johnson and R. A. Stein,
editors. Response of fish to habitat structure-imstand-
ing water. American Fisheries Society, North Central
Division, Special Publication 6, Bethesda, Maryland.

(84) Helfman, S. 1981. The advantage to fishes of hov-
ering in shade. Copeia 1981:392-400.

(85) Hinch, S. G., and N. C. Collins. 1993. Relationships
of littoral fish abundance to water chemistry and
macrophyte variables in central Ontario lakes. Cana-
dian Journal of Fisheries and Aquatic' Sciences 50:
1870-1878.

Hinkle, J. 1986. A preliminary literature review on vege-
tation and fisheries with emphasis on the largemouth
bass, bluegill and hydrilla. Aquatics 8:9-14.

(86) Hoff, M. H. 1991. Effects of increased nesting cover
on nesting and reproduction of smallmouth bass in
northern Wisconsin lakes. Pages 39-43 in D. C. Jack-
son, editor. The first international smallmouth bass

symposium. Mississippi Agricultural and Forestry Ex-
periment Station, Mississippi State University, Mis-
sissippi State.

(87) Holbrook, S. J., and R. J. Schmitt. 1988. Effects of
predation risk on foraging behavior: mechanisms al-
tering patch choice. Journal of Experimental Marine
Biology and Ecology 121:151-163.

(88) Holland, L. E., and M. L. Huston. 1984. Relation-
ship of young-of-the-year northern pike to aquatic
vegetation types in backwaters of the upper Missis-
sippi river. North American Journal of Fisheries
Management 4:514-522.

(89) Hoover, J. J,, K. J. Killgore, and R. P. Morgan, II.
1988. Food habits of fishes associated with hydrilla
beds and open water in Lake Seminole, Florida—
Georgia. U.S. Army Corps of Engineers, Waterways
Experiment Station, Miscellaneous Paper A-89-1,
Vicksburg, Mississippi.

Hoyer, M. V,, and D. E. Canfield, Jr. 1996. Largemouth
bass abundance and aquatic vegetation in Florida
lakes: an empirical analysis. Journal of Aquatic Plant
Management 34:23-32.

(90) Hubbs, C. L. 1921. An ecological study of the life-
history of the fresh-water Atherine fish Labidesthes
sicculus. Ecology 2:262-276.

(91) Irvine, K., B. Moss, and H. Balls. 1989. The loss of
submerged plants with eutrophication II. Relation-
ships between fish and zooplankton in a set of exper-
imental ponds, and conclusions. Freshwater Biology
22:89-107.

Janecek, J. A. 1988. Literature review on fishes interac-
tion with aquatic macrophytes with special reference
to the Upper Mississippi River System. Upper Mis-
sissippi River Conservation Committee, Fish Section,
Rock Island, Illinois.

(92) Jennings C. A,, P. A. Vohs, and M. R. Dewey. 1992,
Classification of wetland area along the upper Mis-
sissippi River with aerial videography. Wetlands 12:
163-170.

(93) Johnson, D. L., R. A. Beaumier, and W. E. Lynch, Jr.
1988. Selection of habitat structure interstice size by
bluegills and largemouth bass in ponds. Transactions
of the American Fisheries Society 117:171-179.

(94) Johnson, S. L. 1993. Cover choice by bluegills: ori-
entation of underwater structure and light intensity.
Transactions of the Amerlcan Fisheries Society 1227
148-154.

Kautsky, H., B. Widbom, and F. Wulff. 1981. Vegetation,
macrofauna and benthic meiofauna. Ophelia 20:53-

A

(95) Keast, A. 1984. The introduced aquatic macro-
phyte, Myriophyllum spicatum, as habitat for fish and
their invertebrate prey. Canadian Journal of Zoology
62:1289-1303.

(96) Keast, A. 1985a. Development of dietary specializa-
tions in a summer community of juvenile fishes. En-
vironmental Biology of Fishes 13:211-224.

(97) Keast, A. 1985b. Planktivory in a littoral-dwelling
lake fish association: prey selection and seasonality.
Canadian Journal of Fisheries and Aquatic Sc:ences
42:1114-1126.

(98) Keast, A, and J. Harker. 1977. Strip counts as _



368 DIBBLE ET AL.

means of determining densities and habitat utilization
patterns in lake fishes. Environmental Biology of
Fishes 1:181-188.

(99) Keast, A., J. Harker, and D. Turnbull. 1978. Near-
shore fish habitat utilization and species associations
in Lake Opinicon (Ontario, Canada). Environmental
Biology of Fishes 3:173-184.

(100) Killgore, K. J., R. P. Morgan, and N. Rybicki. 1989.
Distribution and abundance of fishes associated with
submersed aquatic plants in the Potomac River.
North American Journal of Fisheries Management
9:101-111.

(101) Kramer, R. H,, and L. L. Smith, Jr. 1962. Forma-
tion of year classes in largemouth bass. Transactions
of the American Fisheries Society 91:29-41.

(102) Krecker, F. H. 1939. A comparative study of the
animal population of certain submerged aquatic
plants. Ecology 20:553-562.

Kushlan, J. A. 1974. Quantitative sampling of fish popu-
lations in shallow freshwater environments. Transac-
tions of the American Fisheries Society 103:348-352.

Lambout, V. W. 1959. Block-off net for taking fish pop-
ulation samples. Progressive Fish-Culturist 21:143-
144,

Larson E. W., D. L. Johnson, and W. E. Lynch. 1986. A
buoyant popnet for accurately sampling artificial hab-
itat structures. Transactions of the American Fisher-
ies Society 115:351-355.

(103) Laughlin, D. R., and E. E. Werner. 1980. Re-
source partitioning in coexisting sunfish: pumpkin-
seed (Lepomis gibbosus) and northern longear sun-
fish (Lepomis megalotis). Canadian Journal of
Fisheries and Aquatic Sciences 27:1411-1420.

(104) Lauridsen T. L., E. Jeppesen, and M. Sondergaard.
1994. Colonization and succession of submerged
macrophytes in shallow Lake Vaeng during the first
five years following fish manipulation. Hydrobiologia
275/276:233-242.

(105) Layher, W. G., and O. E. Maughan. 1984, Com-
parison in efficiencies of three sampling techniques
for estimating fish populations in small streams. Pro-
gressive Fish-Culturist 46:180-184.

(106) Layzer, J. B, and M. D. Clady. 1987. Phcnotyplc
variation of young-of-year bluegills (Lepomis macro-

- chirus)-among microhabitats. Copeia 1987:702-707.

(107) Layzer, J. B., and M. D. Clady. 1991. Microhabitat
and diet segregation among coexisting young-of-year
sunfishes. NOAA (National Oceanic and Atmo-
spheric Administration) NMFS (National Marine
Fisheries Service) Technical Report 95:99-108.

(108) Lehmann, A., J. M. Jaquet, and J. B. Lachavanne. °

1994, Contribution of GIS to submerged macrophyte
biomass estimation and community structure model-
ing, Lake Geneva, Switzerland. Aquatlc Botany 47:
99-117.

(109) Leitholf, E. 1917. Fundulus chrysotus. Aquatic Life
2:141-142.

(110) Lembi, C. A., B. G. Ritenour, E. M. Iverson, and
E. C. Forss. 1978. The effects of vegetation removal
by grass carp on water chemistry and phytoplankton
in Indiana ponds. Transactions of the American Fish-
eries Society 107:161-171.

(111) Lillie, R. A,, and J. Budd. 1992. Habitat architec-
ture of Myriophyllum spicatum L. as an index to hab-
itat quality for fish and macroinvertebrates. Journal
of Freshwater Ecology 7:113-125.

(112) Lodge, D. M. 1985. Macrophyte-gastropod as-
sociations: observations and experiments on mac-
rophyte choice by gastropods. Freshwater Biology
15:695-708.

(113) Lukens, J. E. 1968. Color aerial photography for
aquatic vegetation surveys. Pages 441-446 in Pro-
ceedings of the 5th international symposium on re-
mote sensing of environment. Environmental Re-
search Institute of Michigan, Ann Arbor.

(114) Lynch, W. E,, Jr., and D. L. Johnson. 1989. Influ-
ences of interstice size, shade, and predators on the
use of artificial structures by bluegills. North Ameri-
can Journal of Fisheries Management 9:219-255.

(115) Maceina, M. J., P. W. Bettoli, W. G. Klussmann,
R. K. Betsill, and R. L. Noble. 1991. Effect of
aquatic macrophyte removal on recruitment and
growth of black crappies and white crappies in Lake
Conroe Texas. North American Journal of Fisheries
Management 11:556-563.

Maceina, M. J., and W. C. Reeves. 1996. Relations be-
tween submersed macrophyte abundance and large-
mouth bass tournament success on two Tennessee
River impoundments. Journal of Aquatic Plant Man-
agement 34:33-38.

(116) Maceina, M. J., and J. V. Shireman. 1980. The use
of a recording fathometer for determination of dis-
tribution and biomass of hydrilla. Journal of Aquatic
Plant Management 18:34-39,

(117) Maceina, M. I., and J. V. Shireman. 1985. Influ-
ence of dense hydrilla infestation on black crappie
growth. Proceedings of the Annual Conference
Southeastern Association of Fish and Wildlife Agen-
cies 36 (1982):394-402.

(118) Maceina, M. J., J. V. Shireman, K. A. Langeland,
and D. E. Canfield, Jr. 1984. Prediction of sub-
mersed plant biomass by use of a recording fathom-
eter. Journal of Aquatic Plant Management 22:35-38.

(119) Maceina, M. J,, W. B. Wrenn, and D. R. Lowery.

+ 1995. Estimating harvestable largemouth bass abun-
dance in a reservoir with an electrofishing catch de-
pletion technique. North American Journal of Fish-
eries Management 15:103-109.

(120) Machena, C., and N. Kautsky, 1988. A quantitative
diving survey of benthic vegetation and fauna in Lake
Kariba, a tropical man-made lake. Freshwater Biol-

. ogy 19:1-14,

(121) Marshall, T. R., and P. F. Lee. 1994. Mapping

- aquatic macrophytes through digital image analysis of
aerial photographs: an assessment. Journal of
Agquatic Plant Management 32:61-66. :

'(122) Martin, T. H., L. B. Crowder, C. F. Dumas, and

J. M. Burkholder. 1992. Indirect effects of fish on
macrophytes in Bays Mountain Lake: evidence for
littoral trophic cascade. Oecologia 89:476-481.

(123) McDonough, T. A., and J. P. Buchanan. 1991. Fac-
tors affecting abundance of white crappies in Chicka-
mauga Reservoir, Tennessee, 1970-1989. North



AQUATIC PLANT AND FISH INTERACTIONS 369

American Journal of Fisheries Management 11:513-
524,

(124) Meador, M. R,, and J. S. Bulak. 1987. Quantifiable
ichthyoplankton sampling in congested shallow-water
areas. Journal of Freshwater Ecology 4:65-69.

(125) Meals, K. O., and L. E. Miranda. 1991. Variability
in abundance of age-0 centrarchids among littoral
habitats of flood control reservoirs in Mississippi.
North American Journal of Fisheries Management
11:298-304.

(126) Mesing, C. L., and A. M. Wicker. 1986. Home
range, spawning migrations, and homing of radio-
tagged Florida largemouth bass in two central Florida
lakes. Transactions of the American Fisheries Society
115:286-295.

(127) Metzger, R. J,, and P. L. Shafland. 1986. Use of
detonating cord for sampling fish. North American
Journal of Fisheries Management 6:113-118.

(128) Miller, D., and R. H. Kramer. 1971. Spawning and
early life history of largemouth bass (Micropterus sal-
moides) in Lake Powell. Pages 78-83 in G. E. Hall,
editor. Reservoir fisheries and limnology. American
Fisheries Society Special Publication 8.

(129) Miranda, L. E., W. L. Shelton, and T. D. Bryce.
1984, Effects of water level manipulation on abun-
dance, mortality and growth of young-of-year large-
mouth bass in West Point Reservoir, Alabama-
Georgia. North American Joumal of Fisheries
Management 4:314-320,

(130) Mittelbach, G. G. 1981. Foraging efficiency and
body size: a study of optimal diet and habitat use by
bluegills. Ecology 62:1370-1386.

(131) Mittelbach, G. G. 1988.  Competition among ref-
uging sunfishes and effects of fish density on littoral
zone invertebrates. Ecology 69:614-623.

Mittelbach, G. G., and P. L. Chesson. 1987. Predation
risk: indirect effects on fish populations. Pages 315-
330 in C. W. Kerfoot and A. Sih, editors. Predation:
direct and indirect impacts on aquatic communities.
University Press of New England, Hanover, New
Hampshire.

(132) Morgan, R. P, K. J. Killgore, and N. H. Douglas.
1988. Modified popnet design for collecting fishes in
varying depths of submersed aquatic vegetation. Jour-
nal of Freshwater Ecology 4:533-539.

(133) Moxley, D.J., and F. H. Langford. 1985. Beneficial
effects of Hydrilla on two eutrophic lakes in central
Florida. Proceedings of the Annual Conference
Southeastern Association of Fish and Wildlife Agen-
cies 36(1982) 280-286.

(134) Murdoch, W. W,, and A. Oaten. 1975. Predation
and population stability. Advances in Ecological Re-
search 9:1-131.

(135) Murphy, K. J,, and J. W. Eaton.  1981. Water-
plants, boat traffic and angling in canals. Pages 173~
187 in British freshwater fisheries second conference
proceedings. University of Liverpool, Liverpool, UK.

(136) Nichols, S. J., D. W. Schloesser, and J. W. Geis.
1988. Seasonal growth of the exotic submersed mac-
rophyte Nitellopsis obtusa in the Detroit River of the
Great Lakes. Canadian Journal of Botany 66:116-
118.

Noakes, D. L. G., and J. R. Baylis. 1990. Behavior. Pages
555-584 in C. B. Schreck and P. B. Moyle, editors.
Methods for fish biology. American Fisheries Society,
Bethesda, Maryland.

Noble, R. L. 1981. Management of forage fishes in im-
poundments of the southern United States. Transac-
tions of the American Fisheries Society 110:738-750.

(137) Northcote, T. G., and D. W. Wilkie. 1963. Under-
water census of stream fish populations. Transactions
of the American Fisheries Society 92:146-151.

Orth, D. J,, and O. E. Maughan. 1982. Evaluation of the
incremental methodology for recommending in-
stream flows for fishes. Transactions of the American
Fisheries Society 111:413-445,

(138) Osenberg, C. W., E. E. Werner, G. G. Mittelbach, and
D. J. Hall. 1987. Growth patterns in bluegill (Lepomis
macrochirus) and pumpkinseed (L. gibbosus) sunfish:
environmental variation and the importance of ontoge-
netic niche shifts. Canadian Journal of Fisheries and
Aquatic Sciences 45:17-26.

(139) Owens, M., M. A. Learner, and P. J. Maris. 1967.
Determination of the biomass of aquatic plants using
optical method. Journal of Ecology 55:671-676.

(140) Paller, M. H. 1987. Distribution of larval fish be-
tween macrophyte beds and open channels in a south-
eastern floodplain swamp. Journal of Freshwater
Ecology 4:191-200.

(141) Pardue, G. B. 1973. Production response of the
bluegill sunfish, Lepomis macrochirus to added at-
tachment surface for fish-food organisms. Transac-
tions of the American Fisheries Society 102:622-626.

(142) Pardue, G. B., and L. A. Nielsen. 1979. Inverte-
brate biomass and fish production in ponds with
added attachment surface. Pages 3443 in D. L. John-
son and R. A. Stein, editors. Response of fish to
habitat structure in standing water. American Fisher-
ies Society, North Central Division, Special Publica-
tion 6, Bethesda, Maryland.

(143) Peckham, R. S., and C. F. Dineen. 1957. Ecology
of the central mudminnow Umbra limi (Kirtland).
American Midland Naturalist 58:222-231.

(144) Petravicz, J. J. 1936. The breeding habits of the
least darter, Microperca punctulata Putnam. Copeia
1936:77-82.

(145) Petrell, R. J,, L. O. Bagnall, and G. H. Smerage.
1991. Physical description of water hyacinth mats to
improve harvester design. Journal of Aquatic Plant
Management 29:45-50.

Pflieger, W. L. 1975. The fishes of Missouri. Missouri
Department of Conservation, Jefferson City.

' (146) Pihl, L., H. Wennhage, and S. Nilsson. 1994. Fish

assemblage structure in relation to macrophytes and

* filamentous epiphytes in shallow non-tidal rocky-and
soft-bottom habitats. Environmental Biology of
Fishes 39:271-288.

(147) Pine, R. T, L. W. J. Anderson, and S. S. O. Hung.
1989. Non-destructive estimation of aquatic macro-
phyte biomass. Journal of Aquatic Plant Management
27:47-49.

(148) Poe, T. P., C. O. Hatcher, C. L. Brown, and D. W.
Schloesser. 1986. Comparison of species composi-
tion and richness of fish assemblages in altered and



370 . DIBBLE ET AL.

unaltered littoral habitats. Journal of Freshwater
Ecology 3:525-536.

Price,’D. G. 1982. A fishery resource sampling method-
ology for small streams. Pages 54-91 in N. Ar-
mantrout, editor. Acquisition and utilization of
aquatic habitat inventory information. American
Fisheries Society, Western Division, Bethesda, Mary-
land.

(149) Pringle, J. D. 1984. Efficiency of various quadrate
sizes used in benthic sampling. Canadian Journal of
Fisheries and Aquatic Sciences 41:1485-1489.

(150) Quade, H. W. 1969. Cladoceran faunas associated
with aquatic macrophytes in some lakes in northwest-
ern Minnesota. Ecology 50:170-179.

(151) Reynolds, A. J., and J. W, Eaton. 1983. The role of
vegetation structure in a canal fishery. Pages 192-202
in British freshwater fisheries third conference pro-
ceedings. University of Liverpool, Liverpool, UK.

Robison, H. W., and T. M. Buchanan. 1988. Fishes of
Arkansas. The University of Arkansas Press, Fayette-
ville.

(152) Rodgers, J. D., M. F. Solazzi, S. L. Johnson, and
M. A. Buckman. 1992. Comparison of three tech-
niques to estimate juvenile coho salmon populations
in small streams. North American Journal of Fisher-
ies Management 12:79-86.

(153) Rosine, W. N. 1955, The distribution of inverte-
brates on submerged aquatic plant surfaces in Juskee
Lake, Colorado. Ecology 36:308-314.

(154) Rottman, R. W,, and R. O. Anderson. 1978. Lim-
nological and ecological effects of grass carp in ponds.
Proceedings of the Annual Conference Southeastern
Association of Fish and Wildlife Agencies 30(1976):
24-39.

(155) Rozas, L. P., and W. E. Odum. 1988. Occupation
of submerged aquatic vegetation by fishes: testing the
roles of food and refuge. Oecologia 77:101-106.

(156) Sabol, B. M. 1984. Development and use of Wa-
terways Experiment Station’s hydraulically operated
submersed aquatic plant sampler. Pages 46-57 in
W. M. Dennis and B. G. Isom, editors. Ecological
assessment of macrophyton: collection, use, and
meaning of data. American Society for Testing and
Materials Special Technical Publication 843, Phila-

-delphia.

(157) Saiki, M. K,, and J. C. Tash. 1979. Use of cover
and dispersal by crayfish to reduce predation from
largemouth bass. Pages 44-48 in D. L. Johnson and
R. A. Stein, editors. Response of fish to habitat struc-
ture in standing water. American Fisheries Society,
North Central Division, Special Publication 6, Be-
thesda, Maryland.

(158) Savino, J. F., and R. A. Stein. 1982. Predator-prey
interaction between largemouth bass and bluegills as
influenced by simulated, submersed vegetation.
Transactions of the American Fisheries Society 11:
255-266. -

(159) Savino, J. F.,, and R. A. Stein. 1989. Behavioural
interactions between fish predators and their prey:
effects of plant density. Animal Behavior 37:311-321.

(160) Savino, J. F, E. A. Marschall, and R. A. Stein. 1992,
Bluegill growth as modified by plant-density: an ex-

ploration of underlying mechanisms. Oecologia 89:
153-160.

(161) Scheffer, M., A. A. Achterberg, and B. Beltman.
1984. Distribution of macro-invertebrates in a ditch
in relation to the vegetation. Freshwater Biology 14:
367-370.

(162) Scheidegger, K. J., and M. B. Bain. 1995. Larval
fish distribution and microhabitat use in free-flowing
and regulated rivers. Copeia 1995:125-135.

(163) Schloesser, D. W., and B. A. Manny. 1984. Rapid
qualitative method for estimating the biomass of sub-
mersed macrophytes in large water bodies. Journal of
Aquatic Plant Management 22:102-104,

(164) Schmitt, R. J., and S. J. Holbrook. 1985. Patch
selection by juvenile black surfperch (Embiotochi-
dae) under variable risk: interactive influence of food
quality and structural complexity. Journal of Experi-
mental Marine Biology and Ecology 85:269-285.

(165) Schramm, H. L., Jr., L. J. Jirka, and M. V. Hoyer.
1987. Epiphytic macroinvertebrates on dominant
macrophytes in two central Florida lakes. Journal of
Freshwater Ecology 4:151-162.

Scott, E. M. 1993. The effects of aquatic macrophytes on
fish populations of Chickamauga reservoir coves,
1970-1990. Tennessee Valley Authority (TVA/
"WM—93/24), Norris.

(166) Serafy, J. E., and R. M. Harrell. 1993. Behavioural
response of fishes to increasing pH and dissolved
oxygen: field and laboratory observations. Freshwater
Biology 30:52-61.

(167) Serafy, J. E., R. M. Harrell, and L. M. Hurley.
1994. Mechanical removal of Hydrilla in the Potomac
River, Maryland: local impacts on vegetation and
associated fishes. Journal of Freshwater Ecology
9:135-143.

(168) Serafy, J. E.,, R. M. Harrell, and J. C. Stevenson.
1988. Quantitative sampling of small fish in dense
vegetation: design and field testing of portable “pop-
nets.” Journal of Applied Ichthyology 4:149-157.

(169) Sheldon, R. B., and C. W. Boylen. 1978. An un-
derwater survey method for estimating submerged
macrophyte population density and biomass. Aquatic

_ Botany 4:65-72."

(170) Shima, L. J., R. R. Anderson, and V. P. Carter.
1976. The use of aerial color infrared photography in
mapping the vegetation of a freshwater marsh. Ches-
apeake Science 17:74-85.

(171) Shireman, J. V., D. E. Canfield, D. E. Colle, D. F.
DuRant, and W. T. Haller. 1984. Evaluation of bio-
logical, chemical, and mechanical aquatic vegetation

" control upon fish populations in 0.2 ha. research
ponds. USDA/SEA/ARS Final report 7B30-0-177,
University of Florida, Center for Aquatic Weeds,
Gainesville,

(172) Shireman, J. V., D. E. Colle, and D. F. DuRant.

1981. Efficiency of rotenone sampling with large and
small block nets in vegetated and open-water habi-
tats. Transactions of the American Fisheries Society
110:77-80.

(173) Shireman, J. V., and M. J. Maceina. 1979. Tech-
niques utilizing a recording fathometer in determin-
ing distribution and biomass of Hydrilla verticillata




AQUATIC PLANT AND FISH INTERACTIONS . ky)!

Royle. Final report of Aquatic Plant Control Re-
search Program to U.S. Army Corps of Engineers
Waterways Experiment Station, Vicksburg, Missis-
sippi.

(174) Sliger, W. A., J. W. Henson, and R. C. Shadden.
1990. A quantitative sampler for biomass estimates
of aquatic macrophytes. Journal of Aquatic Plant
Management 28:100-102.

Smart, R. M,, and J. W. Barko. 1988. Effects of water
chemistry on aquatic plants: interrelationships among
biomass production, plant nutrition, and water chem-
istry. U.S. Army Corps of Engineers Waterways Ex-
periment Station, Final Report A-88-5, Vicksburg,
Mississippi. ]

(175) Smith, S. L., and J. E. Crumpton. 1979. Interrela-
tionships of vegetative cover and sun fish population
density in suppressing spawning in largemouth bass.
Proceedings of the Annual Conference Southeastern
Association of Fish and Wildlife Agencies. 31(1977):
141-157.

(176) Spencer, C. N,, and D. L. King. 1984. Role of fish
in regulation of plant and animal communities in
eutrophic ponds. Canadian Journal of Fisheries and
Aquatic Sciences 41:1851-1855.

(177) Stein, R. A. 1977. Selective predation, optimal for-
aging, and the predator-prey interaction between fish
and crayfish. Ecology 58:1237-1253.

(178) Stein, R. A., and J. J. Magnuson. 1976. Behavioral
response of crayfish to a fish predator. Ecology 57:
751-761. . '

Stenseth, N. C. 1980. Spatial heterogeneity and popula-
tion stability: some evolutionary consequences. Oikos
35:165-184.

(179) Stent, C.J., and S. Hanley. 1985. A recording echo
sounder for assessing submerged aquatic plant pop-
ulations in shallow lakes. Aquatic Botany 21:377-394.

(180) Strange, R.J., C. R. Berry, and C. B. Schreck. 1975.
Aquatic plant control and reservoir fisheries. Pages
513-521 in R. H. Stroud and H. Clepper, editors.
Black bass biology and management. Sport Fishing
Institute, Washington DC.

(181) Terrell,J. W., and T. T. Terrell. 1975. Macrophyte
control and food habitats of the grass carp in Geor-
gia ponds. International Vereinigung fuer Theore-
tische und Angewandte Limnologie Verhandlun-
gen 19:2415-2420.

(182) Thomas, G. L., S. L. Thiesfeld, S. A. Bonar, R. N.
Crittenden, and G. B. Pauley. 1990. Estimation of
submergent plant bed biovolume using acoustic range
information. Canadian Journal of Fisheries and
Aquatic Sciences 47:805-812.

(183) Todd, B. L., and C. F. Rabeni. 1989. Movement
and habitat use by stream-dwelling smallmouth bass.
Transactions of the American Fisheries Society 118:
229-242.

(184) Tonn, W. M., and C. A. Paszkowski. 1986. Size-
limited predation, winterkill, and the organization of
Umbra-Perca fish assemblages. Canadian Journal of
Fisheries and Aquatic Sciences 43:194-202.

(185) Vadas, R. L., Jr, and D. J. Orth. 1993. A new
technique for estimating the abundance and habitat

use of stream fishes. Journal of Freshwater Ecology
8:305-317. :

(186) Van Dolah, R. F. 1978. Factors regulating the dis-
tribution and population dynamics of the amphipod
(Gammarus palustris) in an intertidal salt marsh com-
munity. Ecological Monographs 48:191-217.

(187) Venugopal, M. N,, and I. J. Winfield. 1993. The
distribution of juvenile fishes in a hypereutrophic
pond: can macrophytes potentially offer a refuge for
zooplankton? Journal of Freshwater Ecology 8:389-
396.

(188) Vince, S., 1. Valiela, N. Backus, and J. M. Teal.
1976. Predation by the salt marsh killifish Fundulus
heteroclitus L. in relation to prey size and habitat
structure: consequences for prey distribution and
abundance. Journal of Experimental Marine Biology
and Ecology 23:255-266.

Vogele, L. E., and W. C. Rainwater. 1975. Use of brush
shelters as cover by spawning black basses (Microp-
terus) in Bull Shoals reservoir. Transactions of the
American Fisheries Society 2:264-269.

Walters, D. A, W. E. Lynch, Jr., and D. L. Johnson. 1991.
How depth and interstice size of artificial structures
influence fish attraction. North American Journal of
Fisheries Management 11:319-329.

(189) Ware, F. J., and R. D. Gasaway. 1978. Effects of
grass carp on native fish populations in two Florida
lakes. Proceedings of the Annual Conference South-
eastern Association of Fish and Wildlife Agencies
30(1976):324-335.

(190) Ware, F. J,, R. D. Gasaway, R. A. Martz, and T. F.
Drda. 1975, Investigation of herbivorous fishes in
Florida. Pages 79-84 in P. L. Brezonik and J. L. Fox,
editors. Proceedings, symposium on water quality
management through biological control. U.S. Envi-
ronmental Protection Agency ENV-07-75-1, Univer-
sity of Florida, Gainesville.

(191) Watkins, C. E., I, J. V. Shireman, and W. T. Haller.
1983. The influence of aquatic vegetation upon zoo-
plankton and benthic macroinvertebrates in Orange
Lake, Florida. Journal of Aquatic Plant Management
21:78-83.

(192) Wegener, W., D. Holcomb, and V. Williams. 1974.
Sampling shallow water fish populations using the
Wegener ring. Proceedings of the Annual Conference
Southeastern Association of Game and Fish Commis-
sioners 27(1973):663-673.

(193) Werner, E. E., and five coauthors. 1977. Habitat
partitioning in a freshwater fish community. Journal
of the Fisheries Research Board of Canada 34:360-
370.

(194) Werner, E. E,, and D. J. Hall. 1979. Foraging ef-
ficiency and habitat switching in competing sunfishes.
Ecology 60:256-264.

(195) Werner, E. E,, D. J. Hall, and M. D. Werner. 1978.
Littoral zone fish communities of two Florida lakes
and a comparison with Michigan lakes. Environmen-
tal Biology of Fishes 3:163-172.

(196) Whitfield, A. K. 1984, The effects of prolonged
aquatic macrophyte senescence on the biology of the
dominant fish species in a southern African coastal
lake. Estuarine Coastal and Shelf Science 18:315-329.



372 DIBBLE ET AL.

(197) Wilcox, D. A., and J. E. Meeker. 1992. Implica-
tions for faunal habitat related to altered macrophyte
structure in regulated lakes in northern Minnesota.
Wetlands 12:192-203.

(198) Wildhaber, M. L., and W. H. Neill. 1992. Activity
and distribution of northern and Florida largemouth
bass in a Texas impoundment. Journal of Freshwater
Ecology 7:293-302.

(199) Wile, I. 1978. Environmental effects of mechanical

" harvesting. Journal of Aquatic Plant Management
16:14-20.

(200) Wiley, M. J., R. W. Gorden, S. W. Waite, and T.

Powless. 1984. The relationship between aquatic

macrophytes and sport fish production in Illinois
ponds: a simple model. North American Journal of
Fisheries Management 4:111-119.

(201) Wood, R. D. 1963. Adapting scuba to aquatic
plant ecology. Ecology 44:416-419.

(202) Wychera, U., R. Zoufal, P. Christof-Dirry, and G.
A. Janauer. 1993. Structure and environmental fac-
tors in macrophyte stands. Journal of Aquatic Plant
Management 31:118-122.

(203) Zubik, R.J., and J. J. Fraley. 1988. Comparison of
snorkel and mark-recapture estimates for trout pop-
ulations in large streams. North American Journal of
Fisheries Management 8:58-62.




REP_ORT DOCUMENTATION PAGE o 168

Mﬂcmmummdmmumdblmmlhwrwm hdudngttnﬂmoior fiewing instructi h .uoxdsﬁngdlumeos galhodnqmdmdmaning
the data needed, and compieting and reviewing the collaction of i Send ¥ this burdk or any other aspect of this coll of i g suggestions
iorndudnolhhbumu\,bw‘sﬁnmm dauarters Services, Di btlnbﬂmﬁmOpomﬁomuMHm 1215 Jetferson Davis Highway, Suite 1204, Artington, VA moz-aoz.-ndnnn
Office of Manag and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503,
1. AGENCY USE ONLY (Leave blank) |2. REPORT DATE 3. R.EPORT TYPE AND DATES COVERED
September 1997 - Final report
4. TITLE AND SUBTITLE 5.. FUNDING NUMBERS
Assessment of Fish-Plant Interactions
6. AUTHOR(S)

Eric D. Dibble, K. Jack Killgore, Sherry L. Harrel

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
U.S. Army Engineer Waterways Experiment Station REPORT NUMBER
3909 Halls Ferry Road Miscellaneous Paper A-97-6
Vicksburg, MS 39180-6199
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

U.S. Army Corps of Engineers
Washington, DC  20314-1000

11. SUPPLEMENTARY NOTES
Available from National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161.

12a. DISTRIBUTION/AVAILABILITY STATEMENT . 12b. DISTRIBUTION CODE
Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)

The published literature was reviewed to investigate (a) the functional importance of aquatic plants to fish, (b) how aquatic
plant and fish populations are measured in vegetated habitats, (c) the spatial scale at which previous investigators have
quantified fish-plant interactions, and (d) how proximate fish behaviors influence population structure at a macrolevel. Based
on results of comparative studies, the typical conclusion has been that intermediate levels of plants promote high species
richness and are optimal for growth and survival of fishes. Predictable responses by fishes to aquatic plants were noted:
vegetated habitats supported higher fish densities than unvegetated areas; aquatic plants led to reduced risk of predation; and
structurally oriented fish exploited aquatic plant beds. Pelagic species and benthic omnivores often declined in abundance
with increased plant cover, and phytophilic fishes showed rapid population increases during plant growing seasons. When
plants occupied an entire water body, fish growth became stunted due to depletion of food resources. These interactions have
been assessed largely at a macroscale where aquatic plants are generally mapped from aerial photography or surface
measurements and fish data are averaged as standing crop, density, catch-effort, or percent abundance relative to plant
coverage. Because direct observation of fish in dense plant beds is difficult, few attempts have been made to define and

(Continued)
14. SUBJECT TERMS 15. NUMBER OF PAGES
Aquatic plants Growth Sampling 21 ,
Fish Management _ : 16. PRICE CODE
Foraging Reproduction
17.. SECURITY CLASSIFICATION [18. SECURITY CLASSIFICATION [19. SECURITY CLASSIFICATION (20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39-18
298-102



13. (Concluded).

quantify structural complexity of plants at a scale perceived by fishes. Aquatic plant attributes potentially important
to growth and survival of fishes are provided, and these authors suggest that microscale assessment of fish behaviors
can be linked to macroscale fishery management strategies through analysis of aerial distribution of aquatic plants.





